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in adults. [7] Magnetic resonance imaging (MRI) is the modality of choice for diagnosis and when combined with magnetic resonance venography (MRV) increases its sensitivity. [5, 8] There is lack of data regarding predictors of brain parenchymal lesions in patients with CVST in the literature.
The present study is designed to study the clinical and neuroimaging features in patients with CVST and to analyze the predictors of brain parenchymal lesions.
mateRIals and methods
Medical records of the patients, sent for MRV examination in a tertiary care teaching hospital from January 2011 to December 2013, were reviewed retrospectively. MRI and MRV data of 2000 patients during the study period were reviewed. Patients with CVST confirmed by MRV were included in this study. Patients with any congenital intracranial abnormality, head trauma, arteriovenous malformation, or previous surgery were excluded from the study. One hundred and eighty-one patients with CVST confirmed by MRI and MRV were included in the final analysis. Clinical indication for MRI and MRV was noted in each patient.
Magnetic resonance imaging
MRI was performed with superconducting 1.5-T magnetic resonance (MR) machine (Achieva version 1.3; Philips, Best, the Netherlands) and standard head coil. Three-dimensional MR venography was performed in the coronal plane using the following parameters: time to echo (TE) -50, time to repeat (TR) -500, field of view (FOV) -230-250, slice thickness -1 mm, matrix -240 × 256, and flip angle -50°. Additional routine T2-weighted image coronal and axial fluid-attenuated inversion recovery sequences were also performed.
The slice thickness of 1.2 mm was acquired with contiguous sections using matrix size of 256 × 256 and a nominal FOV of 27 cm with TR − 22 ms, TE − 7.4 ms, and flip angle -15 o , TRITE -50/8.4. The velocity encoding applied was 30-40 cm/s. The images were displayed as 20 maximum intensity projection (MIP) images reconstructed from the source images at 9° increments.
Image analysis
MRI included diffusion-weighted images, axial T1, axial fast spin-echo (FSE) T2, coronal and sagittal FSE T2, and gradient-echo sequences. MIPs were created at the MR operating console for 3D-MR venography dataset. The MIP images were viewed in the sagittal, transverse, and coronal planes.
The dural venous sinuses included in this study are superior sagittal sinus (SSS), sigmoid sinus (SS), transverse sinus (TS), and straight sinus.
Statistical analysis
Numeric values were shown as the mean ± standard deviation. Chi-square contingency analysis was used to explore the statistically significant difference of demographic, clinical, and radiological variables among patients with CVST with or without brain parenchymal lesions. A difference was considered statistically significant at a P < 0.05. The analysis was performed using Epi Info-7 statistical software (developed by Centers for Disease Control and Prevention (CDC) in Atlanta, Georgia (US)).
Results
This study included a total of 181 patients (age range 14-96 years, mean age: 34.64 ± 14.66 years). The majority of the patients were women (121, 66.9%). Most of the patients were in their third decade of life. Distribution of CVST patients according to age (decade years) has been shown in Figure 1 . The mean age for men was 36.85 ± 17.91 years (range 16-96 years) and for women was 33.55 ± 12.69 years (range 14-80 years).
Clinical presentation
The most common clinical presentation of CVST was headache (47.51%). Other presentations were seizures (24.31%), altered sensorium (14.92%), focal neurological deficit (12.15%), and vertigo (1.1%).
Brain parenchymal findings
Of 181 patients of CVST, 116 (64.09%) had brain parenchymal lesions. One patient had subarachnoid hemorrhage (SAH) without other brain parenchymal lesions and other had intraventricular hemorrhage. Eight patients had SAH along with other brain parenchymal abnormalities. Four patients with SAH had nonhemorrhagic venous infarcts, three had hemorrhagic venous infarcts and one had intraparenchymal hemorrhage. Sixty-five patients had no brain parenchymal lesions. Hemorrhagic venous infarct was the most common brain parenchymal lesion (37.57%). Eleven patients had intraparenchymal hemorrhage. Type of brain parenchymal lesions has been tabulated in Table 1 . The most common site of brain parenchymal lesions was frontal region (25.4%) followed by the frontoparietal region. Distribution of site of brain parenchymal lesions has been summarized in Table 2 . Neuroimaging findings of two patients have been illustrated in Figure 2 .
Distribution of venous sinus thrombosis
TS (77.9%) was the most common site of venous sinus thrombosis followed by SS (66.9%) and SSS (60.2%). SSS was the most common thrombosed sinus in isolation among 29 patients. Deep venous sinus system was involved in 39 patients. Superficial cortical veins were involved in five patients. One hundred and thirty-five patients had involvement of more than one venous sinus, and among them, 20 patients had involvement of both superficial and deep venous sinuses. The most common association was noticed between SSS and TS or SS. Distribution of venous sinus thrombosis has been summarized in Table 3 .
Predictors of brain parenchymal lesions in cerebral venous sinus thrombosis
Patients were subdivided into two groups depending on the presence of parenchymal abnormalities on neuroimaging. There were 65 patients without evidence of parenchymal lesions (Group 1) and 116 patients with parenchymal lesions (Group 2). There was no significant difference in age between both the groups (P = 0.33). Women predominated in Group 2 (72.4% in Group 2 versus 56.9% in Group 1, P = 0.034). Headache was the most common presentation in Group 1, while seizure was the most common in Group 2. None of the patients in Group 1 had focal neurological deficit. Majority had TS thrombosis among both groups, although straight sinus thrombosis was more common in Group 2 (P = 0.009). Female gender, seizures, altered sensorium and focal neurological deficit at presentation, and Table 4 .
dIscussIon
This study was conducted to evaluate the clinical presentation, neuroimaging findings, and predictors of brain parenchymal lesions in cerebral vein and dural sinus thrombosis. Of 181 patients, majority were women (66.9%) in their third decade of life. The most common clinical presentation was headache (47.51%). Hemorrhagic venous infarct was the most common brain parenchymal lesion (37.57%). One patient had isolated SAH secondary to CVST. The most common site of venous sinus thrombosis was TS.
In the present study, the majority of the patients were in their economically productive years of life. Women were more often affected than men. This observation is consistent with other studies. The International Sinus Cerebral Vein Thrombosis (ISCVT) trial, a collaborative study that enrolled more than 600 patients with CVST, showed higher incidence of CVST in females and in their third decade. [2] Pregnancy and postpartum status are known to result in increased incidence of the CVST due to the normal physiological changes in the pregnancy that results in hypercoagulability. This gender bias is usually attributed to gender-specific risk factors such as the usage of oral contraceptives and the influence of other factors such as pregnancy, postpartum status, and hormone replacement therapy. Comparing the age group involved, 20-40 years is the most common age groups involved in various studies (Mehta et al., 77 .8%; Ameri and Bousser, 61%; and Mangshetty and Reddy, 87.5%). [9] [10] [11] The present study also showed similar finding with 62.9% in the same age group.
The clinical presentation of CVST is varied, and this mandates the high index of suspicion in order not to overlook it. The most frequent, but the least-specific clinical presentation of CVST is headache, which is present in 75%-90% of adult patients. [2, 3] Even in the present study, headache (47.51%) was the most common clinical presentation. Similar results have been shown in different series. [11] [12] [13] [14] [15] Depending on the availability of collateral venous pathways, CVST can result in significant brain involvement or may be presented as nonspecific symptoms like headache. The mechanism of headache is postulated to be the stretching of nerve fibers in the walls of the occluded sinus and local inflammation, as suggested by the evidence of contrast enhancement of the sinus wall surrounding the clot. Other mechanism of headache may be increased intracranial pressure due to impaired venous drainage. In the presence of cerebral cortical lesions because of venous ischemia or hemorrhage, neurological signs and symptoms referable to the affected region are often present. The most common are seizures, hemiparesis, and aphasia, but other cortical signs and sensory symptoms may occur. Focal neurological deficit was present in 12.15% patients in the present study. Other studies have shown higher incidence of focal deficit compared to the present study. In a study by Mangshetty and Reddy, 54% of patients had focal deficits. [11] Among them, 20 had hemiparesis and 9 had aphasia. Seizures are far more frequently seen in CVST than in arterial stroke with a frequency of 35%-50%. [16] [17] [18] Seizures were present in 24.31% in the present study. In a retrospective study by Kalita et al. , the presence of a supratentorial parenchymal lesion on MRI was independently associated with a higher risk of presenting seizures on multivariate analysis. [19] The mental status in CVST may vary from no change in alertness, developing mild confusion, or progressing to coma. Earlier case series reported higher incidence of altered sensorium at presentation (43%-93%). [20] [21] [22] Similar results have been shown in some other studies (57.53% and 52% by Nagaraja et al. and Mangshetty and Reddy, respectively). [11, 23] Lesser number of patients had altered sensorium at presentation in some recent studies. [12] Altered sensorium is less common in the present study (14.92%). The reason for this decline is probably patient's awareness and early diagnosis.
Brain parenchyma was normal in 35.9% patients in the present study. Hemorrhagic venous infarct was the most common brain parenchymal lesion followed by nonhemorrhagic venous infarct. Eleven patients had intraparenchymal hemorrhage. In a study from India, hemorrhagic venous infarct was present in 45.6% and 0.7% had SAH. [12] Khaladkar et al. reported 40 patients of CVST, half of them had normal brain parenchyma. [13] Hemorrhagic venous infarct was the most common brain parenchymal lesion (35%). Tsai et al. described the spectrum of MRI findings in CVST. In initial stages, there is a mild increase in dural venous sinus pressure, and only sinuses are affected without parenchymal abnormalities. [24] With further increase in intracranial pressure, focal neurological deficit takes place and affected brain region shows edema or infarction with or without hemorrhage in 10%-50% of cases. In a recent study of 44 patients with CVST, concomitant cortical vein thrombosis was associated with severe clinical manifestations, poor short-term outcomes, and brain lesions. [25] SAH has rarely been reported in association with CVST. One patient was described by Sztajzel et al. who presented with the right cerebellar SAH secondary to thrombosis of the right TS or SS. [26] This patient subsequently developed hemorrhagic infarction of the cerebellum. Three patients of SAH associated with isolated cortical venous thrombosis were reported by Chang and Friedman. [27] No associated parenchymal abnormalities were identified in all three patients. All the three patients had isolated thrombosis of a cortical vein, probably the vein of Trolard. The mechanism behind the development of SAH in isolated cortical venous thrombosis is not certain. In a large study from India, 3 out of 392 patients (0.7%) had SAH. [12] In the present study, one (0.55%) patient had SAH without other brain parenchymal lesions and eight had SAH along with other brain parenchymal abnormalities.
Multiple dural venous sinuses were involved in most of the patients. The involvement of deep venous sinuses and cortical veins is much less than superficial dural venous sinuses. The most common involved sinus is the SSS followed by TS in most of the studies. In a study by Narayan et al., SSS was involved in 54.3% and TS in 47.7%. [12] In contrary, TS was the most common involved sinus (83.9%) followed by SS (44.6%) and SSS (35.7%) in a study by Zubkov et al. [28] Similar findings were observed in the present study. The ISCVT trial had similar observation. [2] Lateral sinus thrombosis was present in 85.9% and SSS thrombosis in 62%. Deep cerebral venous system includes the vein of Galen, internal cerebral vein, and straight sinus. Approximately 10%-26% of patients with CVST have thrombosis of the deep cerebral venous system, which can lead to thalamic or basal ganglia infarction. [2, [11] [12] [13] Deep venous system was involved in 21.5% and superficial venous system in 2.8% of cases in the present study. Cortical vein thrombosis is uncommon, and specific clinical syndromes related to the larger cortical veins are rarely seen (e.g., temporal lobe hemorrhage associated with vein of Labbe thrombosis). [29] Recently, 7048 reported cases of cortical veins and sinus thrombosis were analyzed from all around the world. [30] In this largest pooled published data, CVST cases' demographics, etiology, clinical features, radiological presentation, and mortality were compared from one continent to other. Overall, male-to-female ratio was 1:2.2 and headache was the most common presenting symptom. The most common site of thrombosis was TS. In Asian subcontinent, females were more commonly affected and headache was the most common presentation. The most common site of thrombosis was SSS followed by TS-SS-Internal jugular vein. [30] Similarly, in the present study, females were most commonly affected and headache was the most common presenting symptoms. In the contrary, TS was most commonly affected sinus in this study compared to SSS. This difference of involved sinus cannot be explained as there is small sample size in the present study compared to large pooled published data.
In the study by Zubkov et al., the comparison between CVST patients with (Group 2) and without brain parenchymal lesions (Group 1) was done. [28] Thirty-seven (66.1%) out of 56 patients had no brain parenchymal lesions. Women predominated in both the groups. There was no significant age difference between both groups. Internal cerebral veins, vein of Galen, and isolated cortical vein thrombosis were always associated with brain parenchymal lesions in that study. [28] On the contrary, the present study had significantly more women in Group 2. The mean age of both groups had no significant difference. Headache as the presenting symptom was more common in Group 1, while seizures, altered sensorium, and focal neurological deficit were significantly more common in Group 2. In contrast to the previous study, straight sinus thrombosis was more common in Group 2. Involvement of rest of cortical venous sinuses and cortical veins was not significantly different among both the groups. Female gender, seizures, altered sensorium and focal neurological deficit at presentation, and straight sinus thrombosis were found to be associated with brain parenchymal lesions and serve as predictors in the present study. Intracranial venous hypertension undoubtedly plays an important role in the pathophysiology of brain parenchymal changes. Increased intraluminal venous pressure causes decrease in cerebral blood flow and cerebral perfusion pressure. This might induce an energy failure and a disruption of the blood-brain barrier that results in vasogenic edema and hemorrhagic transformation from increased venous pressure. This can explain more severe clinical presentation in Group 2 in the present study.
Limitations
The retrospective nature of the study is the major limitation. Other limitations are single-center study, lack of etiology, outcome, and follow-up data. Single-center study may cause case selection bias. Reporting by single radiologist in the present study may also cause bias in the interpretation.
conclusIon
CSVT is an important and treatable cause of stroke with a wide spectrum of symptoms and signs. Women are affected more, especially in the third decade of life. Headache is the most frequent presenting symptom followed by seizures. Hemorrhagic venous infarct is the most common brain parenchymal lesion, and the frontal region is the most common site followed by frontoparietal. TS is the most common site of venous sinus thrombosis. Headache is the most common presentation in patients with CVST without brain parenchymal lesions, while seizure is the most common with brain parenchymal lesions. Female gender, seizures, altered sensorium and focal neurological deficit at presentation, and straight sinus thrombosis are predictors of brain parenchymal lesions. Prompt diagnosis and treatment of CSVT may prevent potential serious damage to the brain parenchyma.
